DOOR APPARATUS 

Background of the Invention 

This application claims foreign priority benefits of applicant's 
Japanese Patent Application Serial No. JP PA 2003-48873, the entire 
disclosure of which is incorporated herein by reference. 

1. Field of the Invention 

The invention relates to a door apparatus, which locks and unlocks a 
door when opening and closing the door. 

2. Description of the Related Art 

The construction of a door apparatus of the related art will be 
described with reference to the drawings. Figs. 5A and 5B are schematic 
views of a door apparatus. Fig. 5A shows a door closed and Fig. 58 the door 
open. Figs. 6A and 68 are views of a lock device. Fig. 6A shows a locked 
state and Fig. 68 shows an unlocked state. Fig. 7 is a flow chart showing a 
control algorithm for opening a door of the related art. 

As shown in Figs. 5A and 58, the door apparatus has a door 1 , a 
linear motor 2, a lock device 3, a control unit 4, stoppers 5, and a holder part 6. 

The door 1 is constructed to move in opposite opening and closing 
directions (the left and right directions in Figs. 5A and 58) between a closed 
state shown in Fig. 5A and an open state shown in Fig. 58. The direction in 
which the door 1 is opened (from the state shown in Fig. 5A to the state shown 
in Fig. 58) will be called herein the opening direction, and the direction in 
which the door 1 is closed (from the state shown in Fig. 58 to the state shown 
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in Fig. 5A) will be called the closing direction. 

The linear motor 2 is one specific example of a door driving device, 
and applies a thrust or thrust force to the door 1 so that by door movement the 
door 1 moves and performs an opening operation or a closing operation. 

The lock device 3, which will be further discussed later, is 
mechanically constructed selectively to perform a locking operation or an 
unlocking operation on the door 1 . 

The control unit 4 controls the linear motor 2 and the lock device 3 in 
accordance with door opening and closing instructions from a control part (not 
shown). 

The stoppers 5 prevent the door 1 from suffering a strong shock even 
if the door 1 opens and closes energetically and hits the ends of its range of 
motion in its opening and closing directions. 

As shown in detail in Figs. 6A and 6B, the lock device 3 also has a 
holder part 6 (shown in Figures 5A and 5B), a locking pin 7, a solenoid 8, a 
locking pin mounting 9, and a locking sensor 10. 

The holder part 6 is fixed to the door 1 (see Figs. 5A, 5B), and has a 
lock hole 6a (see Figs. 6A, 68) into which the locking pin 7 can pass. 

The locking pin 7 is inserted into the lock hole 6a of the holder part 6 
to mechanically fix the door 1 . 

The solenoid 8 supplies a thrust for deploying or withdrawing the 
locking pin 7. 

The locking pin mounting 9 mechanically connects a moving part of 
the solenoid 8 to the locking pin 7, and transmits the thrust from the solenoid 8 
to the locking pin 7. The locking pin mounting 9 also allows a contact arm of 



2 



the locking sensor 10 to move, as the locking pin mounting 9 moves up and 
down. 

The locking sensor 10 is provided to check the position of the locking 
pin 7, As shown in Fig, 6A, when the locking pin is in the locked state, the 
locking sensor 10 outputs an ON-state signal because the locking pin 
mounting 9 has descended and lowered the contact arm. As shown in Fig. 
6B, when the locking pin 7 is withdrawn from the lock hole 6a so that the lock 
device 3 is in the unlocked state, the locking sensor 1 0 outputs an OFF-state 
signal because the locking pin mounting 9 has ascended and allowed the 
contact arm to be raised. These ON-state and OFF-state signals are 
outputted to the control unit 4. 

The operation of the lock device 3 when the door 1 is opened (moved 
from the closed state to the open state) will now be explained. 

When the door 1 is closed, as shown in Fig. 6A, the locking pin 7 is 
inserted in. the lock hole 6a of the holder part 6. When the locking sensor 1 0 
detects this position of the locking pin 7, the sensor outputs a signal indicating 
that the sensor is in the ON state (corresponding to the locked state of the lock 
device 3). The control unit 4 detects the ON-state signal outputted from the 
locking sensor 10 and recognizes the locked state. 

If the control unit 4 has received a door opening instruction for 
opening the door 1 , the control unit 4 first controls the lock device 3 to shift 
from the locked state to the unlocked state, and then controls the linear motor 
2 to open the door 1 . This control now will be described. As shown by the 
flow in Fig. 7, the solenoid 8 is driven to perform an unlocking operation by 
lifting the locking pin 7 from the lock hole 6a (step SI 00). 
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Along with the locking pin 7, the locking pin mounting 9 also rises, 
and the lock device 3 assumes the unlocked state shown in Fig. 6B. In the 
unlocked state, the locking sensor 10 is in its OFF state, and outputs an 
OFF-state signal to the control unit 4, The control unit 4 always determines 
whether the locking sensor 10 has shifted to its OFF state (i.e. whether the 
signal outputted from the locking sensor 10 has shifted from the ON-state 
signal to the OFF-state signal) (step S101 ). When the control unit 4 does not 
detect the ON-state signal, it then infers that the unlocking operation has not 
been carried out and returns to step S100 before it drives the solenoid 8 again. 
When the control unit 4 has detected the OFF-state signal, it controls the 
linear motor 2 to apply a thrust force to the door 1 in the opening direction 
(step S102). The linear motor 2 then opens the door 1 to its open state (see 
Fig. 5B). 

When the door 1 is to be closed, the control unit 4 performs the 
reverse operation. That is, it controls the linear motor 2 to apply a thrust force 
to the door 1 in the closing direction of the door 1 and controls the lock device 

3 to perform a locking operation. Such is a door apparatus of the related art. 

As another door apparatus, of the prior art, using a linear motor and a 
lock device, there is also the apparatus disclosed in JP-A-1 0-1 93977 
(corresponding to U.S. Patent No. 5,927,015), for example. 

In the lock mechanism of the disclosed in JP-A-1 0-1 93977. which is 
described therein at Paragraph Numbers 0016 and 0017 and illustrated in Figs. 

4 through 7 thereof, a transfer rod 26 of a linear induction motor (LIM) actuator 
25 holds a door panel 17 firmly in a closed position by moving a lock assembly 
40 to a locked state. 
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As another example of the prior art, there is also the technology 
described In the non-patent publication "Development of Linear Motor Driven 
Door System for Commuter Train" published by Sato, Kouzu, Suzue, and 
Inage at pages 359-362 of the 1999 Electrical Engineering Society Industrial 
Application Section Conference Lecture Articles. As shown in Fig. 1 and Fig. 
6 thereof, this non-patent publication describes a technology where a door 
system has a direction converting device for mechanically dividing a thrust 
generated by a single linear motor so as to open a double door, and a door 
locking device for locking and unlocking this direction-converting device. 

In these prior art technologies, there is no consideration of a problem 
in the operation of the lock device. This problem will be described with 
reference to the drawings. 

Fig. 8 is illustrates a problem of a lock device. In the locked state 
shown in Fig. 8, it sometimes happens that due to the state of mounting of the 
lock device 3 with respect to the door 1 , or of the door 1 impacting with the 
stoppers 5, the center of the lock hole 6a may become misaligned with respect 
to the locking pin 7, so that they are relatively positioned such that in the 
locked state, the locking pin 7 and the cylindrical boundary surface of lock hole 
6a make contact and create a frictional force. 

In this case, there is the problem that it takes much longer than 
normal for the locking pin 7 to rise, and in bad cases the locking pin 7 does not 
rise at all. 

Because of this kind of situation in the prior art, a solenoid 8 that 
produces a thrust force large enough to overcome the frictional force between 
the locking pin 7 and the boundary of the lock hole 6a has been used. 
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However, this creates a problem that the size and cost of the apparatus 
increase. 

When this problem state continues, the locking sensor 10 remains in 
its ON-state and the steps S100 and S101 of Fig. 7 are repeated. This also 
causes a problem that the solenoid 8 continues to be energized, thereby 
resulting in an overheating of the device. 

Objects and Summary of the Invention 

The invention has been provided to solve the above problems. 
Therefore, an object of the invention is to provide a door apparatus with which, 
even when the locking pin and the lock hole interfere, the unlocking operation 
can be performed without an increase in the thrust produced by the solenoid, 
and thus the solenoid can be reduced in size and weight and prevented from 
overheating. 

To achieve the above-mentioned object, the invention provides a door 
apparatus having a door movable in opposite opening and closing directions, a 
door driving device for applying a thrust force to the door to move the door, a 
lock device for performing a locking operation and an unlocking operation on 
the door, and a control apparatus for controlling the door driving device and 
the lock device, wherein if the control apparatus controls the lock device to 
perform the unlocking operation and the lock device is determined to be still in 
a locked state after a set time, the control apparatus controls the lock device to 
perform the unlocking operation again in such a manner as to open the door 
without increasing the applied thrust force. 

According to a first aspect of the invention if the lock device is 
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determined still to be in a locked state after the set time following the initial 
unlocking operation, the control apparatus controls the door driving device to 
apply a thrust force to the door in either the opening direction or the closing 
direction. 

According to a second aspect of the invention, if the control 
apparatus controls the lock device to perform the unlocking operation and the 
lock device is determined still to be in a locked state after a set time, the 
control apparatus controls the lock device to perform the unlocking operation 
while controlling the door driving device to apply to the door a thrust force in 
both the opening direction and the closing direction. 

A third aspect of the invention provides a door apparatus according to 
the first aspect wherein the control apparatus controls the door driving device 
to apply to the door a large thrust force and a small thrust force altemately in 
the same direction, and controls the lock device to perform the unlocking 
operation in synchrony with the timing of the changing of these large and small 
thrusts. 

A fourth aspect of the invention provides a door apparatus according 
to the second aspect wherein the control apparatus controls the door driving 
device to apply to the door a thrust force in the opening direction and a thrust 
force in the closing direction alternately, and controls the lock device to 
perform the unlocking operation in synchrony with the timing of the changing 
between the opening direction and closing direction thrusts. 

Brief Description of Drawings 

These and other aspects and advantages of the invention will be 
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more fully understood from the following detailed description of the preferred 
embodiments, wherein 

Fig. 1 is a flow chart showing a control algorithm of a first preferred 
embodiment of a door apparatus according to the invention; 

Fig. 2 is a flow chart of a control algorithm of a second preferred 
embodiment of a door apparatus according to the invention; 

Fig. 3 is a timing chart of linear motor thrust output and solenoid 
excitation pertaining to a third preferred embodiment of the invention; 

Fig. 4 is a timing chart of linear motor thrust output and solenoid 
excitation pertaining to a fourth preferred embodiment of the invention; 

Figs. 5A and 5B are schematic views of a door apparatus, Fig. 5A 
showing the door closed and Fig. 5B the door open; 

Figs. 6A and 6B are structural views of a lock device, Fig. 6A showing 
a locked state and Fig. 68 showing an unlocked state; 

Fig. 7 is a flow chart showing a control algorithm for opening a door of 
the prior art; and 

Fig. 8 is a view illustrating a problem with a lock device. 

Detailed Description of the Preferred Embodiments 

Presently preferred embodiments of a door apparatus according to 
the invention now will be described below. Fig. 1 is a flow chart showing a 
control algorithm of a first preferred embodiment of a door apparatus 
according to the invention. 

The construction of the door apparatus of this preferred embodiment 
of the invention is the same as the construction of the door apparatus shown 
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in Figs. 5A and 5B and the locl< device 3 shown in Figs. 6A and 6B, but the 
control algorithm of the control unit 4 has been Improved. Accordingly, the 
duplicate construction of the door apparatus will not be described below, and 
only the new control algorithm will be described, with reference also to Figs. 
5A, 5B and Figs. 6A, 68. 

When a door opening instruction outputted from a control part (not 
shown) is inputted to the control unit 4, the control unit 4 starts control to 
perform an opening operation on the closed door 1 (see Fig. 5A). In this case, 
it will be assumed that the lock device 3 locks the door 1 (see Fig. 6A). 

The control unit 4, as shown in the flow chart of Fig. 1 , outputs a drive 
signal to the solenoid 8 to excite the solenoid 8 (step S1), and, immediately 
after outputting this drive signal, starts timing a detection time (step S2). It 
then determines whether or not the locking sensor 10 is In its OFF state. 
That is, the control unit 4 determines whether or not the locking sensor 10 has 
shifted from its ON state (corresponding to the locked state of the lock device 
3) to its OFF state (corresponding to the unlocked state of the lock device 3) 
and outputted an OFF-state signal (step S3). It also determines whether or 
not the detection time has reached a set time (step S4). As long as the 
locked state continues, steps SI through S4 are repeated. 

While steps SI through S4 are being repeated, when due to the 
excitation of the solenoid 8 the locking pin 7 withdraws from the lock hole 6a, 
the OFF-state signal is outputted from the locking sensor 10, and in step S3 
the OFF state (i.e. the unlocked state of the lock device) is detected and 
processing jumps to step S5. The control unit 4 then controls the linear motor 
2 to apply a thrust force to the door 1 in the opening direction to open the door 
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1 (step S5). As a result, the door 1 opens and assumes an open state as 
shown in Fig. 5B. This is the normal processing flow. 

If, however, a state continues wherein the locking pin 7 and the 
boundary surface of the lock hole 6a are in contact and unlocking cannot be 
carried out due to frictional force, and consequently in step S4 the detection 
time reaches the set time (i.e. the control unit determines that unlocking 
cannot be carried out), processing jumps to step S6. The control unit 4 then 
controls the linear motor 2 to apply a thrust force to the door 1 tending to close 
the door 1 (that is, a force tending to move the lock hole 6a along with the door 
1 so that the frictional force between the boundary of the lock hole 6a and the 
locking pin 7 decreases) (step S6). As a result, either the lock hole 6a moves 
and the locking pin 7 and the boundary of the lock hole 6a move out of contact, 
or they remain in contact but the frictional force is decreased. 

Processing then returns to step S1 . The solenoid 8 is then excited 
and the locking pin 7 withdraws from the lock hole 6a before the lock device 3 
is unlocked. Thereafter, the door 1 opens in accordance with the procedure 
described above (step S2, step S3, step S5). 

Although in this preferred embodiment the linear motor 2 is controlled 
to apply a thrust force to the door 1 tending to close the door 1 when unlocking 
is not effected, conversely the linear motor 2 may be made to apply a thrust 
force to the door 1 tending to open the door 1 . Thus, whether the thrust force 
is in the closing direction or the opening direction can be suitably decided in 
accordance with pertaining circumstances. 

With a door apparatus like this, when the lock device 3 has not 
performed the unlocking operation even after the set time has elapsed, the 
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door driving apparatus is controlled to apply a thrust force to the door 1 in the 
closing direction or the opening direction of the door 1 . As a result, either the 
locking pin 7 and boundary of the lock hole 6a are brought into a 
non-contacting state, or the frictional force between them is reduced. Then 
the unlocking operation is carried out again to effect unlocking. By this 
means, use of a solenoid 8 with a large thrust becomes unnecessary, and 
increases in the size and cost of the equipment can be avoided. 

A second preferred embodiment of a door apparatus according to the 
invention now will be described. Fig. 2 is a flow chart of a control algorithm of 
a second preferred embodiment of a door apparatus according to the 
invention. 

In this preferred embodiment, as in the first preferred embodiment, 
the construction of the door apparatus is the same as that of the prior art 
described above. However, the control algorithm of the control unit 4 is 
different from that of the first preferred embodiment. Accordingly, the 
duplicate construction of the door apparatus will not be described below, and 
only the new control algorithm will be described with reference also to Figs. 5A, 
5B and Figs. 6A, 68. 

The control unit 4 receives a door opening instruction outputted from 
a control part (not shown), and commences control to perform an opening 
operation on the closed door 1 (see Fig. 5A). In this case, it will be assumed 
that the lock device 3 locks the door 1 (see Fig. 6A). 

As shown in the flow of Fig. 2, the control unit 4 outputs a drive signal 
to the solenoid 8 to excite the solenoid 8 (step S11), and immediately after 
outputting this drive signal, starts timing a detection time (step S12). It then 
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determines whether or not the locking sensor 10 is in its OFF state. That is. 
the control unit 4 determines whether or not the locking sensor 10 has shifted 
from its ON state (corresponding to the locked state of the lock device 3) to its 
OFF state (corresponding to the unlocked state of the lock device 3) and 
outputted an OFF-state signal (step S13). It also determines whether or not 
the detection time has reached a set time (step S14). As long as the locked 
state continues, these steps S11 through S14 are repeated. 

While steps S11 through S14 are being repeated, if due to the 
excitation of the solenoid 8 the locking pin 7 withdraws from the lock hole 6a, 
in step SI 3 the OFF-state signal is outputted from the locking sensor 10 and 
the OFF state (i.e. unlocked state of the lock device 3) is detected and 
processing jumps to step S1 5. The control unit 4 then controls the linear 
motor 2 to apply a thrust force to the door 1 in the opening direction (step SI 5). 
As a result, the door 1 opens and assumes an open state as shown in Fig. 5B. 
This is the normal processing flow. 

However, if a state such that the locking pin 7 and the boundary of 
the lock hole 6a are in contact and unlocking cannot take place due to 
frictional force continues, and in step SI 4 the detection time has reached the 
set time (that is, it has been determined that unlocking is not possible), 
processing jumps to step S16. 

The control unit 4 determines whether or not ABS (the absolute value 
of a time counter) is equal to or less than a set value (step SI 6). For 
example, if the set value is n and the initial value of the time counter is -n, the 
absolute value (n) of the time counter is equal to or below the set value (n) and 
processing proceeds to step S17. 
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The control unit 4 then determines whether or not a thrust direction 
flag is 0 (step S17), and, if the flag is 0, controls the linear motor 2 to apply a 
thrust force to the door 1 in the closing direction to move the door 1 in the 
closing direction (step S18). Thereupon, the linear motor 2 moves the lock 
hole 6a together with the door 1 and shifts the lock hole 6a so that the locking 
pin 7 and the boundary of the lock hole 6a are out of contact. As a result, 
either the lock hole 6a moves, and the locking pin 7 and the boundary of the 
lock hole 6a move out of contact, or they remain in contact but the frictional 
force is decreased. Then, the time counter is incremented (step S19), and 
processing jumps to step S11 . In step S11 , when the solenoid 8 is excited, 
the locking pin 7 withdraws from the lock hole 6a, and the lock device 3 
unlocks. Thereafter, the procedure explained above (step S13, step S14) is 
carried out and the door 1 opens. 

However, when the door 1 still fails to open, steps S11 through S19 
are repeated, and during this time the linear motor 2 applies a thrust force to 
the door 1 in the closing direction and the solenoid 8 is excited and the 
unlocking operation is carried out repeatedly. While steps S11 through S19 
are being repeated, the time count also increases. 

For example, if the initial value of the time counter has increased from 
-n to n+1 , in step S16 the control unit 4 determined that the absolute value 
(n+1) of the time counter is not equal to or less than the set value (n), and 
processing jumps to step S20 and inverts the flag from 0 to 1 . When in step 
S17 the control unit 4 determines that the flag is at 1 , processing proceeds to 
step S21 . At step S21 . the linear motor 2 is controlled to apply a thrust force 
to the door 1 in the opening direction to move the door 1 in the opening 
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direction. The iocl^ hole 6a and the locking pin 7 are moved so that the 
locking pin 7 and boundary of the lock hole 6a are out of contact with each 
other. After this, the time counter is decremented (step S22) and processing 
jumps to step S11 . If the solenoid 8 then is excited, the locking pin 7 
withdraws from the lock hole 6a and the lock device 3 unlocks. Thereafter, 
the procedure described above (step S13, step S15) is carried out and the 
door 1 opens. 

If, however, the door 1 still fails to open, steps S11 through S17, step 
S21 and step S22 are repeated, and the time count decreases. During this 
time, the linear motor 2 continues to apply a thrust force to the door 1 in the 
opening direction. 

Then, while steps S11 through S17, step S21 and step S22 are 
repeated, the time count decreases. The control unit 4 then determined that 
the absolute value of the time count Is not equal to or less than the set value 
(step S16). Processing then jumps to step S20 and Inverts the flag to 0. 
When in step S17 the control unit determines that the flag is 0, processing 
proceeds to step S18, and the linear motor 2 is controlled to apply a thrust 
force to the door 1 in the closing direction to move the door 1 in the closing 
direction. By the control unit 4 thereafter repeating this control, the linear 
motor 2 is controlled to output opening direction and closing direction thrusts 
alternately. 

With this door apparatus, when the lock device 3 still has not 
performed the unlocking operation after the set time has elapsed, first control 
is carried out to apply a thrust force to the door 1 in the closing direction of the 
door 1 to move the locking pin 7 and boundary of the lock hole 6a out of 
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contact with each other. The unlocking operation is then carried out to effect 
unlocking. When unlocking is still not possible, reversely, control is then 
carried out to apply a thrust force to the door 1 in the opening direction of the 
door 1 to move the locking pin 7 and boundary of the lock hole 6a out of 
contact with each other. The unlocking operation is then carried out and 
unlocking is effected. Although in this preferred embodiment the alternation 
was carried out in the order of closing direction opening direction -> it 
may be carried out in the order opening direction closing direction .... 

Because in this preferred embodiment the linear motor outputs 
thrusts alternately in the opening direction and the closing direction so that 
unlocking can be effected without fail, it becomes unnecessary to use a 
solenoid 8 with a large thrust, and increases in the size and cost of the 
equipment can be avoided. 

A third preferred embodiment of the invention now will be described. 
Fig. 3 is a timing chart of output of linear motor thrust and solenoid excitation 
according to this preferred embodiment. 

This preferred embodiment includes an improvement of the control 
algorithm of the control unit 4 of the door apparatus of the first preferred 
embodiment relating to the output of thrust by the linear motor 2 and the 
excitation of the solenoid 8. The duplicate construction of the door apparatus 
will not be described in the following, and only the new control algorithm will be 
described with reference also to Figs. 5A, 5B and Figs. 6A, 68. 

In the flow of Fig. 1 described above, in the outputting of thrust by the 
linear motor 2 (step S6) and the excitation of the solenoid 8 of the lock device 
3 (step S1), control is carried out with the timing shown in Fig. 3. 
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In this case, the control unit 4 controls the linear motor 2 to apply 
alternately a large thrust force and a small thrust force as a thrust force on the 
door 1 in one direction. Specifically, as shown in Fig. 3, alternating thrusts 
are outputted as follows: small thrust -» large thrust -> small thrust large 
thrust The control unit 4 also excites and controls the solenoid 8 to 

perform the unlocking operation in synchrony with the timing at which the small 
thrust changes over to the large thrust and the timing at which the large thrust 
changes over to the small thrust. 

The above-mentioned changeover timing is the timing at which the 
holder part 6 moves along with the movement of the door 1 , and the locking 
pin 7 and boundary of the lock hole 6a move out of contact or remain in 
contact but undergo a reduction in frictional force, and by carrying out the 
unlocking operation in synchrony with this timing the unlocking is carried out 
with more certainty. 

A fourth preferred embodiment of the invention will now be described. 
Fig. 4 is a timing chart of output of linear motor thrust and solenoid excitation 
according to this preferred embodiment. 

This preferred embodiment includes an improvement of the control 
algorithm of the control unit 4 of the door apparatus of the second preferred 
embodiment relating to the application of thrust by the linear motor 2 and the 
excitation of the solenoid 8. The duplicate construction of the door apparatus 
will not be described again in the following, and only the new control algorithm 
will be described with reference also to Figs. 5A, 5B and Figs. 6A, 6B. 

In the flow of Fig. 2 described above, in the excitation of the solenoid 
8 (step S11) after a closing direction thrust is output from the linear motor 2 
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(step S18) or an opening direction thrust is output from the linear nnotor 2 (step 
S21), the control unit 4 executes control to Implement the timing shown in Fig. 
4, 

In this case, the control unit 4 controls the linear motor 2 to apply 
alternately a closing direction thrust force and an opening direction thrust force 
as a thrust force on the door 1 . Specifically, as shown in Fig. 4, alternating 
thrusts are applied as follows: closing direction thrust opening direction 
thrust closing direction thrust -» opening direction thrust Because the 

thrust reversals cannot be carried out instantaneously, they are changed 
gradually (along sloping lines like those shown in Fig. 4). 

The control unit 4 also drives and controls the solenoid 8 to perform 
the unlocking operation in synchrony with the timing at which the closing 
direction thrust starts to change over to the opening direction thrust and the 
timing at which the large opening direction thrust starts to change over to the 
closing direction thrust. 

The above-mentioned changeover timing is the timing at which the 
holder part 6 moves along with the movement of the door 1 and the locking pin 
7 and the boundary of the lock hole 6a move out of contact or remain in 
contact but undergo a reduction in frictional force. By carrying out the 
unlocking operation in synchrony with this timing, the unlocking is carried out 
with more certainty. 

As described above, according to the first preferred embodiment, 
when due to positional deviation a frictional force acts between the locking pin 
7 and the boundary of the lock hole 6a when the linear motor 2 applies a thrust 
force to the door 1 in one direction (the closing direction) and moves the door 
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1 , the lock hole 6a and the locking pin 7 both are moved closer to the center 
position, and either the locking pin 7 and the boundary of the lock hole 6a 
move out of contact with each other, or they remain in contact but the frictional 
force between them decreases, and consequently it becomes possible easily 
to carry out the unlocking operation even if the thrust of the solenoid 8 is small. 

In addition, according to the second preferred embodiment, when due 
to positional deviation a frictional force acts between the locking pin 7 and the 
boundary of the lock hole 6a, while the linear motor 2 applies thrust forces in 
both directions and moves the door 1 in both directions, the lock hole 6a and 
the locking pin 7 both move closer to the center position, and either the locking 
pin 7 and the boundary of the lock hole 6a move out of contact with each other, 
or they remain in contact but the frictional force between them decreases, and 
consequently it becomes possible easily to carry out the unlocking operation 
even if the thrust of the solenoid 8 is small. 

In addition, when due to positional deviation, a frictional force acts 
between the locking pin 7 and the boundary of the lock hole 6a, there is a risk 
that the boundary surface of the lock hole 6a will be pressed against the 
locking pin 7 if the linear motor 2 pushes continuously with a fixed thrust force. 
The third preferred embodiment responds in such a situation to avoid this risk 
by causing the thrust force of the linear motor 2 to change between two 
different magnitudes so that the boundary surface of the lock hole 6a is not 
continuously pushed strongly against the locking pin 7. 

If the solenoid 8 is continuously excited, the current also will decrease 
due to a resistance increase caused by a temperature increase, and the thrust 
will fall. To prevent this, by synchronizing the excitation of the solenoid 8 with 
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the timing of the changing over of the thrust force applied by the linear motor 2 
between large and small magnitudes, the influence of f rictional force between 
the locking pin 7 and the boundary of the lock hole 6a Is moderated, and it is 
made possible easily to effect the unlocking operation. 

According to the fourth preferred embodiment, when a frictional force 
acts due to a positional deviation between the lock hole 6a and the locking pin 
7, the linear motor 2 also applies thrust forces in both the closing direction and 
the opening direction, and the excitation of the solenoid 8 Is carried out in 
synchrony with the timing of the thrust changeover of the linear motor 2. 
Thereby, the influence of frictional force between the locking pin 7 and the 
boundary of the lock hole 6a is moderated, and it is made possible easily to 
effect the unlocking operation. 

Overall, according to the invention it is possible to provide a door 
apparatus with which, even when the locking pin and the lock hole interfere, 
the unlocking operation can be performed without the thrust of the solenoid 
being increased. Moreover, the solenoid can be reduced in size and weight 
and prevented from overheating. 
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